Introduction
============

Chronic constipation is commonly observed in patients with chronic kidney disease (CKD) and is considered an important component of the medical management for CKD ([@B1]). It is also important to regulate the gastrointestinal function and symptoms of CKD patients. The gut microbiota has coevolved with humans for a mutually beneficial coexistence, and it plays an important role in health and disease ([@B2]). Quantitative and qualitative alterations in the gut microbiota are noted in CKD patients ([@B2]). Chronic constipation worsens the intestinal environment and alters the composition of the gut microbiota. However, the mechanistic link between the gut and kidney diseases is poorly understood.

Lubiprostone is an activator of the type 2 chloride channel that facilitates spontaneous bowel movement ([@B3]). It has been shown to increase the weekly average number of spontaneous bowel movements and to enhance the quality of life in patients with chronic constipation ([@B3]). Mishima et al. ([@B4]) reported that lubiprostone ameliorated the progression of CKD and the accumulation of uremic toxins by improving the gut microbiota and intestinal environment in an adenine-induced CKD model. However, the clinical effects of lubiprostone on the renal function in patients with CKD have not been established.

We herein report that lubiprostone ameliorated the urinary protein excretion and renal dysfunction in two patients with IgA nephropathy.

Case Reports
============

Case 1
------

A 32-year-old Japanese woman was referred to us due to proteinuria and chronic constipation. An examination revealed the following: body height 156 cm, weight 54 kg, blood pressure (BP) 122/70 mmHg, and heart rate 76 beats/min. Chest and abdominal X-rays showed no abnormality. Laboratory data demonstrated a normal renal function \[serum creatinine 0.66 mg/dL, blood urea nitrogen (BUN) 24.2 mg/dL, estimated glomerular filtration ratio (eGFR) 85.4 mL/min/1.73 m^2^\] but also revealed proteinuria (first voided morning urine) of 66.2 mg/dL, tubular dysfunction \[urinary liver-type fatty acid-acid protein (L-FABP)\] of 22.6 μg/g.crea (normal range \<7.4 μg/g.crea), and positive urine occult blood (+++).

The lipid profiles and proteinemia were within the normal ranges \[low-density lipoprotein (LDL)-cholesterol 110 mg/dL, triglyceride (TG) 66 mg/dL, high-density lipoprotein (HDL)-cholesterol 76 mg/dL, total protein 7.1 g/dL, and albumin 4.2 g/dL\]. Serologies were negative for antinuclear antibody, anti-basement membrane (GBM) antibody, myeloperoxidase anti-neutrophil cytoplasmic (MPO-ANCA), proteinase 3-ANCA, anti-hepatitis C antibody, and hepatitis B surface antigen. The patient\'s serum IgA level was high at 488 mg/dL (normal range 110-400 mg/dL). However, the serum complement, IgG, and IgM values were within normal limits. On the third day post-admission, a renal biopsy was performed. The biopsy section contained 16 glomeruli: 8 normal glomeruli and 8 showing slight mesangial hypercellularity and mesangial matrix expansion (H-grade I, [Fig. 1A, B](#g001){ref-type="fig"}). The sample showed IgA (+) and C3 (+) in all glomeruli ([Fig. 1C](#g001){ref-type="fig"}).

![A: PAS staining ×40. A low-power magnification showing the extent of tubulointerstitial injury. B: PAS staining ×400. A glomerulus showing hypercellularity and mesangial expansion. C: Immunofluorescence ×400. IgA was positive in the glomerulus.](1349-7235-58-3255-g001){#g001}

Slight interstitial fibrosis and tubular atrophy were also observed. The patient had chronic constipation (frequency of stool: 1×/5 days), and lubiprostone (24 μg 1×/day) was therefore administered. No other medications were administered in this case. [Table 1](#t001){ref-type="table"} shows the changes in the patient\'s renal parameters. After 1 month, the frequency of stools was improved to 1×/day and continued beyond 12 months. Her body weight, blood pressure, and serum levels of creatinine showed no change for 12 months. Interestingly, the patient\'s urinary protein excretion and L-FABP showed a gradual decline for 12 months. The urine occult blood and numbers of red blood cells were also gradually attenuated through and after 12 months.

###### 

Changes in the Clinical Parameters in Case 1.

                                                             Before      After 1 month   After 3 months   After 6 months   After 12 months
  ---------------------------------------------------------- ----------- --------------- ---------------- ---------------- -----------------
  Frequency of stools                                        1×/5 days   1×/day          1×/day           1×/day           1×/day
  Body weight, kg                                            54.0        54.0            53.8             53.8             53.6
  Blood pressure, mm Hg                                      122/70      122/72          120/72           122/74           120/72
  Creatinine, mg/dL                                          0.66        0.65            0.66             0.65             0.65
  Blood urea nitrogen, mg/dL                                 24.2        22.8            23.2             22.8             23.2
  Urinary protein excretion, mg/g.crea                       110.8       92.2            66.8             44.8             25.8
  Urinary liver-type fatty acid binding protein, µg/g.crea   22.6        22.0            18.8             17.6             14.8
  Urine occult blood                                         (+++)       (++)            (++)             (+)              (±)
  Urine red blood cell/high-power field                      Many        Many            10 to 25         1 to 5           1 to 5

Case 2
------

A 44-year-old Japanese woman was referred to us due to renal dysfunction, severe proteinuria, and chronic constipation. Three years earlier, proteinuria (morning voided urine 120 mg/dL) had been detected at another clinic, but renal dysfunction had not been observed (serum creatinine 0.82 mg/dL). No treatment had been administered for three years. Our examination revealed the following: body height 160 cm, weight 56 kg, BP 142/82 mmHg, and heart rate 70 beats/min. Chest and abdominal X-ray showed no abnormalities. Laboratory data revealed renal dysfunction (serum creatinine 1.88 mg/dL, BUN 23.8 mg/dL, eGFR 24.2 mL/min/1.73 m^2^), proteinuria (first voided morning urine) of 280.8 mg/dL, tubular dysfunction (L-FABP 88.2 μg/g.crea), normal lipid profiles (LDL-C 124 mg/dL, TG 128 mg/dL, HDL-C 70 mg/dL), and normal proteinemia (total protein 7.2 g/dL, albumin 4.0 g/dL).

Her serologies were negative for antinuclear antibody, anti-GBM antibody, MPO-ANCA, proteinase 3-ANCA, anti-hepatitis C antibody, and hepatitis B surface antigen. The patient\'s serum IgA level was high (498 mg/dL), but serum complements, IgG, and IgM were within normal limits. On the third day post-admission, a renal biopsy was performed. The biopsy section contained 20 glomeruli: 5 glomeruli with global sclerosis, 4 with segmental sclerosis, 1 with crescent formation, and 10 with mesangial hypercellularity and matrix expansion (H-grade II, [Fig. 2A-C](#g002){ref-type="fig"}). The sample showed IgA (+) and C3 (+) in all glomeruli ([Fig. 2D](#g002){ref-type="fig"}). Interstitial fibrosis and tubular atrophy were also observed.

![A: PAS staining ×40. A low-power magnification showing the extent of tubulointerstitial injury. B: PAS staining ×400. A glomerulus showing hypercellularity and mesangial expansion. C: PAS staining ×400. A glomerulus showing crescent formation. D: Immunofluorescence ×400. IgA was strongly positive in the glomerulus.](1349-7235-58-3255-g002){#g002}

The patient refused drugs other than those for constipation. Therefore, lubiprostone (24 μg 1×/day) was administered. Before the treatment, the frequency of stools was 1×/5 days, but it increased to 1×/2 days after 1 month, and to 1×/day at 3, 6 and 12 months. Her body weight and blood pressure showed no apparent change for 12 months. The serum levels of creatinine, proteinuria, urinary L-FABP, and urine occult blood and red blood cells gradually decreased after treatment ([Table 2](#t002){ref-type="table"}).

###### 

Changes in the Clinical Parameters in Case 2.

                                                             Before      After 1 month   After 3 months   After 6 months   After 12 months
  ---------------------------------------------------------- ----------- --------------- ---------------- ---------------- -----------------
  Frequency of stools                                        1×/5 days   1×/2 days       1×/day           1×/day           1×/day
  Body weight, kg                                            56.0        55.8            55.8             55.8             55.7
  Blood pressure, mm Hg                                      142/82      142/80          140/78           140/80           140/80
  Creatinine, mg/dL                                          1.88        1.86            1.72             1.66             1.54
  Blood urea nitrogen, mg/dL                                 23.8        23.2            23.0             23.2             23.0
  Urinary protein excretion, mg/g.crea                       312.8       278.8           228.6            188.8            112.6
  Urinary liver-type fatty acid binding protein, µg/g.crea   88.2        80.6            66.2             62.8             34.4
  Urine occult blood                                         (++++)      (++++)          (+++)            (+++)            (++)
  Urine red blood cell/high-power field                      Many        Many            10 to 25         10 to 25         1 to 5

Discussion
==========

In our two IgA nephropathy patients with chronic constipation, lubiprostone reduced proteinuria, the tubular injury marker L-FABP, and urine occult blood. In addition, although Case 2 showed renal impairment prior to the lubiprostone treatment, her serum creatinine level also slightly decreased over 12 months. Both patients received no other medications, such as renin-angiotensin-aldosterone system (RAAS) inhibitors, dilazep, or tonsillectomy and steroid pulse therapy, due to their refusal of those medications. Furthermore, their BP and body weight did not show obvious changes for 12 months after initiation of lubiprostone. Thus, the present report suggests that lubiprostone itself plays a renoprotective role in patients with IgA nephropathy through the improvement of constipation.

There are an increasing number of studies suggesting that the gut microbiota plays a pathophysiological role in the development of kidney diseases, and this "gut-kidney axis" has been recognized as a promising target for novel treatment strategies in kidney diseases ([@B5],[@B6]). Furthermore, recent data demonstrate that impaired gastrointestinal mucosal immune responses and altered gut microbiota may also be associated with the pathogenesis of IgA nephropathy ([@B7]-[@B9]). Thus, improving the milieu of gut microbiota is expected to be a potential therapeutic approach in patients with IgA nephropathy. Thus far, however, no effective therapies backed by clinical evidence have been shown capable of achieving that aim.

Lubiprostone is a selective type 2 chloride-channel activator that increases interstitial fluid secretion. Patients administered lubiprostone have been shown to have a greater mean number of spontaneous complete bowel movements than placebo ([@B10]). Li et al. ([@B11]) conducted a meta-analysis of 1,468 patients in a lubiprostone group and 841 in a placebo group and concluded that lubiprostone is a safe and efficacious drug for the treatment of chronic constipation with limited adverse effects. Mishima et al. ([@B4]) reported that lubiprostone exerted a renoprotective effect on the progression of CKD with a reduction in the plasma concentration of uremic toxins and improvement in the gut microbiota population, suggesting a potential therapeutic approach to CKD based on the improvement of the intestinal environment. They also reported that lubiprostone improved renal fibrosis and inflammation on histological evaluations. Unfortunately, we did not measure the uremic toxins, including indoxyl sulfuric acid levels, or the microbiota population in the present two patients. Measuring these parameters may help clarify the mechanisms underlying the kidney protection afforded by lubiprostone treatment.

Dysbiosis is a state of unfavorable gut microbiota and is related to various diseases ([@B12]-[@B14]). Several examinations using fecal and intestinal samples and animal models of renal insufficiency have demonstrated that CKD is likely associated with unfavorable changes in the microbiota and thereby dysbiosis ([@B2],[@B15],[@B16]). It is thus expected that an improvement of the gut microbiota and intestinal environment will become a viable therapeutic option for CKD treatment. Although clinical studies have assessed the impact of the microbiota on uremic toxins as a surrogate marker in CKD ([@B17]), whether or not improving the gut microbiota in CKD will yield renal and cardiovascular benefits remains unclear at present.

A double-blind placebo-controlled randomized clinical trial to evaluate the effectiveness and safety of lubiprostone in CKD patients at the pre-dialysis stage is underway (UMIN000023850). In this context, our present finding that modulation of the enteral environment may improve the renal function may be crucial. Further experimental and clinical studies are needed in order to evaluate the ability of this agent to exert medicinal adjustment of the enteral environment in order to suppress the progression of CKD.

The relationships among intestinal bacteria and the brain and cardiovascular system have also recently attracted attention. Amaral et al. ([@B18]) reported that the sensation of pain due to inflammatory stimulation in germ-free mice was duller than that in conventional mice, and they proposed that the existence of the enterobacterial flora is indispensable for normal pain perception. Tang et al. ([@B19]) reported that intestinal bacteria allow arteriosclerosis to progress through a metabolism product called trimethylamaine-N-oxide. Thus, the enterobacterial flora strongly affect the maintenance of multiple organs\' homeostasis, suggesting that abnormality of the enterobacterial flora (dysbiosis) plays pathological roles in various organs and disorders, including CKD. Health management efforts may soon target the enterobacterial flora.

In summary, we reported for the first time that lubiprostone may provide renoprotection in IgA nephropathy patients with constipation. Further studies are needed in order to confirm the effect of lubiprostone in various types of CKD with constipation as well as to further elucidate the action mechanism of lubiprostone.
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